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1
APPARATUS FOR CONVERTING BALES OF
INSULATION TO LOOSE FILL

This application claims priority from U.S. provisional
application No. 61/535,538, the disclosure of which is
incorporated herein in its entirety.

FIELD

This disclosure relates to machines for de-aggregating
bales of loose fill insulation. In a preferred embodiment, this
disclosure relates to machines for de-aggregating bales of
loose fill insulation and for blowing the de-aggregated
insulation for use, e.g. for insulating buildings and the like.

BACKGROUND

Frequently, loose fill insulation is utilized to insulate
sections of a building, such as walls or the attic. Loose fill
insulation may be used as a replacement for insulation bats.
The problem with insulation bats is that they can be difficult
to manipulate into a required space and may require cutting
to fit into place. In addition, insulation bats may not be
suitable when insulating an existing structure. For example,
loose fill insulation may be utilized to insulate an existing
structure, such as the walls of a building.

Loose fill insulation, which is typically made of glass
fibers, is typically compressed into bales which are pack-
aged e.g. by being placed into a plastic bag. This facilitates
the transportation of the insulation from the manufacturing
site to the site at which the insulation will be utilized. The
insulation is typically compressed when packaged and,
accordingly, the volume of material that has to be trans-
ported may be substantially reduced. However, the com-
pressed insulation must be decompressed or expanded in
order to allow the insulation to be blown and utilized at a
building site.

A number of different methods for breaking up bales of
insulation and blowing the insulation are known. See for
example U.S. Pat. No. 7,731,115; US 2006/0231651; US
2010/0219274; U.S. Pat. Nos. 7,520,459; 6,503,026; 6,109,
488; 5,860,606; 5,829,649; 4,560,307, 4,337,902; 4,236,
654; 4,411,390; 3,171,692; 3,061,206; 3,051,398; 2,989,
252; and, GB 2,124,194.

SUMMARY

In accordance with this specification various improve-
ments in the design of a machine for de-aggregating insu-
lation and blowing the de-aggregated insulation are dis-
closed. Advantageously, machines disclosed herein utilize
rotor configurations alone or in combination with the con-
figuration within the interior of the de-aggregation chamber
to provide an improved de-aggregation of the insulation in
the bale. It will be appreciated that if the insulation is not
fully de-aggregated, then clumps of compressed insulation
may be present in the de-aggregated insulation. These
clumps may clog the machine. In order for the blown
insulation to have the desired density and thermal insulation
properties, the insulation should be fully de-aggregated
without damage or substantial damage to the fibers making
up the bale of insulation. If clumps or insulation are present
in the blown product, then the desired thermal insulation
value may not be obtained.

In addition, in order to achieve the desired density and
thermal insulation properties, the fibers of the insulation
should be sufficiently separated so that a desired density can
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2

be obtained when the insulation is blown without the insu-
lation becoming compacted during its passage through the
machine and the downstream delivery system (e.g. a flexible
hose and/or wand).

In accordance with one embodiment, which may be used
by itself or with any one or more of the other embodiments
set out herein, a machine for de-aggregating a bale of
insulation utilizes a single upper de-aggregation member to
maintain the bale in the generally horizontally disposed
position as the bale is de-aggregated. An advantage of this
design is that the entire lower surface of the bale is exposed
to the rotors as opposed to only an edge. In some designs,
e.g. O’Leary (U.S. Pat. No. 7,520,459), the bale is intro-
duced at an angle. Accordingly, the upper router will not
contact the entire lower surface of the bale but will engage
one edge of the bale. In contrast, by maintaining the bale in
the generally horizontally disposed position, equal sections
of the bale are continually removed, resulting in a continual
load placed on the routers and a more even amount of
insulation which passes downwardly through the machine to
the discharge zone.

In order to maintain the bale generally horizontally, an
upper guide member may be provided which has an upper
surface extending inwardly and downwardly. Preferably, the
guide member extends inwardly a sufficient amount so that
a portion of the bale may rest thereon thereby preventing all
of the weight of the bale from being positioned on the rotors
or paddles. In addition, the guide member and/or the hori-
zontal cross sectional area of the entrance zone above the
aggregation member may be configured to inhibit rotation of
the bale that the paddles engage. Accordingly, the bale is
kept in an upright position so as to continually expose a
generally horizontal surface to the routers.

The angular staggering of the paddles may also be utilized
to maintain the bale generally horizontally. The upper de-
aggregation member may comprise a rotary shaft having a
plurality of paddles angularly staggered around the shaft.
The shaft has a notional center point half way along its
length. The paddles may be configured such that only one
paddle on either side of the centerline is fully embedded in
the bale at any one time or a single paddle that has a blade
portion that traverses the centerline as the paddles rotates
through the bale at any one time. The paddles adjacent to
such an engaging paddle may contact the bale and be
partially embedded therein. As such, the adjacent paddles
may assist in steadying the bale as the engaging paddle
passes through the bale. An advantage of this design is that
the paddles are positioned so as to essentially keep the bale
horizontal as portions of the bale are removed. In addition,
a limited number of paddles engage the bale at any one time
reducing the load on the motor.

In accordance with an alternate embodiment, which may
be used by itself or with any one or more of the other
embodiments set out herein, a machine for de-aggregating a
bale of insulation utilizes an upper de-aggregation member
and a lower counter-rotating de-aggregation member. Each
de-aggregation member comprises a rotary mounted shaft
having a plurality of paddles thereon. The paddles of the
lower de-aggregation member are preferably interleaved
only with the paddles of the upper de-aggregation member.
Preferably, paddles of the upper de-aggregation member
pass between a pair of paddles of the lower de-aggregation
member. This interleaving action of the paddles assists in
pulling the fibers of the compacted insulation apart so as to
de-aggregate the fibers. In addition, an upper and/or lower
guide member may be provided to enhance recirculation of
the insulation as it passes downwardly through the paddles.
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The guide members result in the insulation passing more
than once through the interleaving upper and lower paddles
thereby producing an enhanced de-aggregated product.

In accordance with another embodiment, which may be
used by itself or with any one or more of the other embodi-
ments set out herein, a machine for de-aggregating a bale of
insulation utilizes a de-aggregating chamber having an
upper de-aggregation member and a single lower counter-
rotating de-aggregation member wherein the de-aggregation
chamber is configured to inhibit compaction of the de-
aggregated insulation as de-aggregated insulation travels
downwardly to a discharge zone. Accordingly, the de-ag-
gregation chamber preferably has a horizontal cross-sec-
tional area that is generally constant along the height of the
de-aggregation chamber. Further, the de-aggregation mem-
bers each preferably extend along the entire extent of the
chamber and are at least as long as the bale of insulation.
Accordingly, the bale of insulation is exposed to paddles
along its entire length. Insulation which is removed from the
bale may fall downwardly (as opposed to being moved
laterally to one side of the machine). Further, the discharge
zone preferably comprises a rotary valve wherein the upper
inlet of the rotary valve preferably also extends across the
entire length of the de-aggregation chamber.

Accordingly, the aggregated insulation may fall down-
wardly into the rotary valve across the entire length of the
rotary valve. The ability of the insulation to fall downwardly
at any position along the length of the machine inhibits the
compaction of the insulation which would occur if the inlet
to the rotary valve was provided at only one end of the
machine as in Horton (U.S. Pat. No. 6,109,488) and Horton
(U.S. Pat. No. 5,829,649).

In accordance with another embodiment, which may be
used by itself or with any one or more of the other embodi-
ments set out herein, a machine for de-aggregating a bale of
insulation has a de-aggregation chamber and a discharge
zone comprising the rotary valve positioned below the
discharge zone. A choke is positioned at the insulation inlet
to the rotary valve and is configured to cause some of the
insulation to recirculate to the de-aggregation chamber. The
insulation inlet to the rotary valve is positioned directly
below the de-aggregation member (e.g., a lower de-aggre-
gation member in a de-aggregation chamber). Accordingly,
the insulation inlet is positioned such that insulation may fall
downwardly from the lower de-aggregation member directly
into the inlet to the rotary valve. The choke is preferably
curved upwardly so as to redirect some of the insulation
back to the de-aggregation chamber. In a particularly pre-
ferred embodiment, the choke is utilized in combination
with a lower guide member to enhance the re-circulation of
insulation. The enhanced re-circulation of insulation assists
in producing a de-aggregated insulation which has a more
uniform density.

In accordance with another embodiment of this disclo-
sure, which may be used by itself or in combination of any
one or more other embodiments of this disclosure, a machine
for de-aggregating a bale of insulation has an insulation feed
inlet which is configured to enable a bale of insulation to be
positioned horizontally above the de-aggregation members.
This enables the de-aggregation members in the de-aggre-
gation chamber to uniformly engage the bale along the
length of the bale. Further, it enables the bale to present a
generally horizontal surface to the de-aggregation members
thereby allowing the bale to be more evenly broken up along
the surface. Accordingly, the feeder which is utilized may be
a pivotally openable door which is rotatable downwardly to
essentially a horizontal position (e.g. within 20° and, pref-
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erably, within 10° of horizontal). Further, the inlet of the
feeder may have a height which is at least the same as the
height of the bale which has expanded after being removed
from its packaging. Accordingly, the bale may be slid
horizontally into an entrance zone of the machine which is
positioned above the de-aggregation members.

In accordance with another embodiment of this disclo-
sure, which may be used itself or in combination with any
of one or more embodiments of this disclosure, a machine
for de-aggregating a bale of insulation utilizes a de-aggre-
gation member comprises a plurality of paddles which have
a leading edge in the direction of rotation wherein the
leading edge is provided with a cover layer of, e.g., rubber,
synthetic rubber, silicone or mixtures thereof. The cover
layer provides a surface having a higher co-efficient of
friction with respect to the fibers of the insulation. Accord-
ingly, the paddles have an enhanced ability to grip and pull
the fibers apart. This action is enhanced if, preferably, upper
and lower de-aggregation members are utilized wherein the
paddles of the upper de-aggregation member are interleaved
between two paddles of a lower de-aggregation member and,
preferably, the paddles of both the upper and lower de-
aggregation members are provided with a cover layer on
their leading face. The cover layer is preferably from 0.1.-1
inches thick and more preferably about 0.25 inches thick.
Alternately, or in addition, the cover layer is preferably
removably mounted. An advantage of this design is that the
cover layer of the paddles may be replaced as the cover layer
wears, as opposed to replacing or repairing the entire paddle.

In accordance with another embodiment of this disclo-
sure, which may be used by itself or in combination with any
one or more other embodiments of this disclosure, a de-
aggregation machine utilizes a de-aggregation member com-
prising a rotary mounted shaft having a plurality of paddles
provided thereon. The rotary mounted shaft has a plurality of
seating surfaces provided on its outer surface. The transverse
cross sectional profile of the outer surface of the shaft may
be polygonal. The paddles have an interior opening config-
ured to seat on the shaft (e.g. they may be slid thereon). The
seating surfaces and the interior opening of the paddles are
configured such that the paddle is set at a preset angular
orientation on the shaft when engaged with the shaft (i.e., the
paddles may not rotate around the shaft due to the engage-
ment of the mating surfaces). An advantage of this design is
that the shaft need not be pierced such as by pins, bolts or
the like or the paddle does not have to be welded to the shaft
to maintain it in the correct orientation. In particular, the
shaft may have a plurality of seating surfaces each of which
is designed to position a paddle at a pre-determined angular
orientation thereby simplifying the assembly of the machine.
In order to maintain the paddles in a generally transverse
configuration with respect to the axis of the shaft, a plurality
of spacers may be provided between the paddles. The
spacers may be of a pre-fixed length. Accordingly, when
installed, the spacers will abut against the hub of the paddles
thereby maintaining the paddles in a desired transverse
profile with respect to the longitudinal axis of the shaft.

In accordance with another embodiment of this disclo-
sure, which may be used by itself or in combination with one
or more other embodiments of this disclosure, a machine for
de-aggregating a bale of insulation includes a de-aggrega-
tion chamber comprising upper and lower interleaved
paddles mounted on rotary mounted shafts and a rotary
valve having an inlet which is below the rotary mounted
shafts and extending substantially for the length of the lower
shaft on which the paddles are provided. Accordingly,
insulation which is separated by the interleaved upper and
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lower paddles may fall due to the influence of gravity
directly into the inlet of the rotary valve thereby avoiding
compaction of the de-aggregated insulation as it travels
through the machine and into the rotary valve. Preferably,
the rotary valve has an air inlet and a blown insulation outlet
opposed to the air inlet end. The blower is provided in-line
with the air inlet and so as to provide a generally linear path
from the air inlet to a blown insulation outlet. A flexible hose
may be attached to the blown insulation outlet. An advantage
of this design is that a more uniform density of blown
insulation may be obtained thereby resulting in a loose fill
insulation which, once deposited in position, has a more
uniform thermal conductivity.

In accordance with another embodiment of this disclo-
sure, which may be used by itself or in combination with any
one more other embodiments of this disclosure, a machine
for de-aggregating a bale of insulation has a discharge zone
with an outlet converter at the blown insulation outlet end.
The outlet converter has an outlet end that has a different
cross-sectional diameter than the inlet end. The inner surface
of the outlet converter has an absence of discontinuities. For
example, the outlet converter may comprise a plurality of
curved and straight sections and may be continuously
curved, (e.g. and may be flared). Accordingly, the outlet
converter is configured to inhibit bridging of material that
passes through the outlet converter.

In accordance with another embodiment of this disclo-
sure, which may be used by itself or in combination with any
one more other embodiments of this disclosure, a machine
for de-aggregating a bale of insulation utilizes a rotary valve
having a plurality of vanes, the vanes comprising a rigid
backbone having a flexible material coated thereon (e.g.
natural or synthetic rubber). Preferably, the rotary valve
extends along the length of the machine and, accordingly,
each vein may have a length at least the same as the length
of'a bale of insulation. An advantage of this design is that the
rigid backbone provides mechanical stability to the vanes
thereby preventing twisting of the vanes along the length of
the vane. This rigidity enhances the operation of the rotary
valve and improves the performance of the machine.
Another advantage of this design is that the end plates of the
machine (i.e. at the opposed ends of the shaft) may be
anodized whereas the rest of the structure defining the
surface of the rotary valve need not be anodized.

In accordance with another embodiment of this disclo-
sure, which may be used by itself or in combination with any
one or more other embodiments of this disclosure, a machine
for de-aggregating a bale of insulation utilizes an exoskel-
eton to dimensionally stabilize the end walls of the machine.
Accordingly, for example, the machine may utilize first and
second opposed side walls which extend along a length of a
bale of insulation when the insulation is positioned in the
machine. First and second opposed load supporting end
walls are provided between the spaced apart ends of the first
and second sidewalls. The exoskeleton is secured and,
optionally, removably secured to the end walls. Accordingly,
the structural stability of the machine is provided by external
members. An advantage of this design is that the opposed
side walls may be made from plastic as they may not be load
supporting. In addition, a further advantage is that the
interior of the machine may be open and free from discon-
tinuities caused by internal structural members, which can
result in insulation building up and forming a bridge thereby
inhibiting circulation of insulation within the machine.

Preferably, the exoskeleton comprises an upper frame
member and a lower frame member each of which is
individually secured to the end walls. Further, one or more
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shock absorbers may be provided between the lower frame
member (which is preferably designed to engage the ground)
and the machine. Accordingly, dynamic loads placed upon
the machine may be absorbed by the shock absorbers and
thereby the stress endured by dynamic loading of the
machine may be reduced.

In accordance with another embodiment of this disclo-
sure, which may be used by itself or with any one or more
other embodiments of this disclosure, a machine for de-
aggregating a bale of insulation comprises a de-aggregation
chamber comprising an upper de-aggregation member and a
lower de-aggregation member wherein each de-aggregation
member comprises a rotary mounted shaft having a plurality
of paddles provided thereon. The paddles of the upper
de-aggregation member comprise first and second paddles
which have differing lengths. The first and second paddles
are interleaved with paddles of the lower de-aggregation
member. Accordingly, it will be appreciated that the amount
of interleaving of the first paddles of the upper de-aggrega-
tion member with the paddles of the lower de-aggregation
member differs according to the amount of interleaving of
the second paddles of the upper de-aggregation member
with the lower de-aggregation member. The primary func-
tion of the first or longer paddles of the upper de-aggregation
member is to remove sections of insulation from the bale. A
secondary function of the longer paddles is to de-aggregate
the insulation (e.g. to stretch and separate the fibers). In
contrast, the primary function of the shorter paddles of the
upper de-aggregation member is to de-aggregate the insu-
lation. A secondary function of the shorter paddles may be
to remove insulation from the bale. An advantage of this
design is that the de-aggregation members provide enhanced
de-aggregation of the insulation.

In accordance with another embodiment of this disclo-
sure, which may be used by itself or in combination with any
one or more of the embodiments of this disclosure, a
machine for de-aggregating a bale of insulation comprises a
de-aggregation chamber having an upper de-aggregation
member and a lower de-aggregation member. The upper
de-aggregation member has a plurality of paddles provided.
The paddles of the upper de-aggregation member face in
differing opposed directions. An advantage of this design is
that the upper paddles provide a sub-circulation of insulation
in the machine. For example, if the paddles were all facing
a single direction, then the paddles would continually move
insulation towards one end of the machine. However, by
providing paddles facing opposed ends of the machine, then
some paddles will direct the insulation towards one end of
the machine whereas other paddles would direct the insu-
lation in the opposite direction. Accordingly, this improves
the circulation of insulation within the machine and, at the
same time, assists in maintaining a generally even amount of
insulation distributed along the length of the machine and,
accordingly, may enhance the de-aggregation of the insula-
tion.

In accordance with another embodiment of this disclo-
sure, which may be used by itself or in combination with any
one or more other embodiments of this disclosure, a machine
for de-aggregating a bale of insulation comprises a de-
aggregation chamber having an upper de-aggregation mem-
ber and a lower de-aggregation member, each of which
comprises a rotary mounted shaft. In addition, a rotary valve
is provided in a discharge zone. The rotary mounted valve
and the upper and lower de-aggregation members are driven
by a motor. In accordance with this embodiment, the drive
member for at least one of the upper de-aggregation mem-
ber, the lower de-aggregation member and the rotary valve
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is provided on a different side to the drive member for the
other two. This provides a more uniform load distribution.
For example, if all drive members were provided on a single
side, then all of the torque produced by the drive members
would be located on one side of the rotary shafts. In contrast,
by providing one of the drive members on an opposed end
of'a shaft, the torque produced by the drive members is more
evenly distributed on both sides of the shaft thereby reduc-
ing stresses which are applied to the machine.

DESCRIPTION OF THE DRAWINGS

These and other advantages of the machine will be more
fully and completely understood in association with the
following descriptions of the preferred embodiments
wherein:

FIG. 1 is a perspective view from the front end and to one
side of a machine according to the instant disclosure;

FIG. 2 is a perspective view from the rear end and the
other side to that shown in FIG. 1 of the machine of FIG. 1;

FIG. 3 is a perspective view from the front and to one side
of the machine of FIG. 1 with the feed door open;

FIG. 4 is a perspective view from the rear of the machine
of FIG. 1 with the feeder door open;

FIG. 5 is a perspective view from the front of the machine
of FIG. 1 with the feed door open and a bale of insulation
positioned on the feed door;

FIG. 6 is a partially cut away side perspective view of the
machine of FIG. 1 with the feed door in the open position;

FIG. 7 is a partially cut away side view of the FIG. 1 with
a feed door in the open position;

FIG. 8 is a vertical section through the machine of FIG.
1 with a bale of insulation positioned in the entrance zone
and the feed door open;

FIG. 9 is a horizontal sectional view through the entrance
zone of the machine of FIG. 1;

FIG. 10 is a cut away end view of the machine of FIG. 1;

FIG. 11 is a partially cut away end view of the machine
of FIG. 1 showing an alternate configuration of the paddles
of the upper rotor;

FIG. 12 is a perspective view of the machine shown in
FIG. 11,

FIG. 13 is an exploded view of the machine of FIG. 1;

FIG. 14 is an end view of an embodiment of the upper
de-aggregation member showing a possible angular stagger-
ing of the paddles of the upper de-aggregation member;

FIG. 15 is a top plan view of an embodiment of the upper
and lower de-aggregation members;

FIG. 16 is a perspective view of an embodiment of the
upper and lower de-aggregation members;

FIG. 17 is an exploded view of an embodiment of the
upper de-aggregation member;

FIG. 18a is a top plan view of the upper de-aggregation
member showing the leading face of the paddles facing in
alternating directions together with a view of the paddles in
the alternating directions removed from the shaft;

FIG. 186 is a perspective view of FIG. 18a;

FIG. 19 is an end view of an embodiment of a shaft of the
lower de-aggregation member and a paddle (without a
coating layer) for slidable seating on the shaft of the lower
de-aggregation member;

FIG. 20 is an exploded view of a paddle;

FIG. 21 is an enlarged view of the outlet conduit attached
to the machine of FIG. 1;

FIG. 22 is a exploded view of FIG. 21 showing the outlet
conduit removed from the machine;
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FIG. 23 is a perspective view of the outlet converter
shown in FIG. 22;

FIG. 24 is a longitudinal sectional view along the line
24-24 of FIG. 23,

FIG. 25 is a perspective view of the shaft and vanes of a
rotary valve;

FIG. 26 is an end view of the shaft and vanes of FIG. 25;

FIG. 27 is a perspective exploded view of the shaft and
vanes of the rotary valve FIG. 25;

FIG. 28 is an end exploded view of the shaft and vanes of
the rotary FIG. 25;

FIG. 29 is a perspective view of the front of the machine
of FIG. 1 with the lower front cover removed to show part
of the drive mechanism;

FIG. 30 is an enlarged view of the drive mechanism of
FIG. 29 removed from the end plate;

FIG. 31 is a perspective view of the rear of the machine
of FIG. 1 with the lower front cover removed to show
another part of the drive mechanism; and,

FIG. 32 is an enlarged view of the drive mechanism of
FIG. 31 removed from the end plate.

A DETAILED DESCRIPTION

Various apparatuses or methods will be described below
to provide an example of each claimed invention. No
example described below limits any claimed invention and
any claimed invention may cover processes or apparatuses
that are not described below. The claimed inventions are not
limited to apparatus or processes having all of the features
of any one apparatus or process described below, or to
features common to multiple or all of the apparatuses
described below. It is possible that an apparatus or process
described below is not an embodiment of any claimed
invention.

As exemplified in FIGS. 1-5, de-aggregation machine 10
may comprise a de-aggregation chamber 14 (comprising an
entrance zone 12 and a de-aggregation zone 13), a discharge
zone 16 and a feeder 18 provided in the entrance zone 12.
The machine comprises a pair of first and second opposed
side walls 20, 22, and a pair of opposed end walls 24, 26. As
exemplified in FIGS. 3 and 5, feeder 18 is rotatable to an
open position wherein a bale of insulation 28 may be
positioned thereon. As shown in FIGS. 6-13, machine 10
comprises an upper de-aggregation member 30 and a lower
de-aggregation member 32 in de-aggregation zone 13. In
addition, rotary valve 34 may be provided in discharge zone
16.

Accordingly, when bale 28 is placed in entrance zone 12,
it will pass downwardly to be engaged by upper de-aggre-
gation member 30. Insulation which is removed from bale
28 by upper de-aggregation member 30 will pass down-
wardly to lower de-aggregation member 32 where it will be
further de-aggregated. De-aggregated insulation will pass
downwardly from lower de-aggregation member 32 into
valve 34.

In some embodiments, of machine 10, machine 10 may
contain any number of de-aggregation members. However,
in accordance with a preferred embodiment, machine 10
utilizes upper and lower interleaved de-aggregation mem-
bers 30, 32. More preferably, only two interleaved de-
aggregation members are used.

As exemplified in FIGS. 10-12, in a preferred embodi-
ment, upper de-aggregation member 30 is positioned so as
to be the only de-aggregation member that engages bale 28.

As also exemplified in FIGS. 10-12, in a preferred
embodiment, the rotary shafts of the aggregation members
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30 and 32 are preferably vertically and laterally off set from
each other. For example, upper de-aggregation member 30
may be positioned offset from the center of machine 10 (i.e.
closer towards side 22 than side 20) and lower de-aggrega-
tion member 32 may also preferably positioned off-center
(e.g. closer to side 20 then side 22).

Structure of the De-Aggregation Members

Preferably, each de-aggregation member 30, 32 comprises
a rotary mounted shaft and a plurality of paddles provided
thereon. Preferably, the paddles are positioned in a staggered
angular orientation with respect to each other around the
shaft. Accordingly, upper de-aggregation member 30 may
comprise a rotary mounted shaft 36 having a plurality of
paddles 38 provided thereon. Similarly, lower de-aggrega-
tion member 32 may comprise a rotary mounted shaft 40
having a plurality of paddles 38 thereon.

Paddles 38, 42 may be of any particular design known in
the art. Each paddle preferably comprises a blade portion 90
mounted on a shaft. Preferably, in some embodiments,
paddles 38, 42 are designed to pass through bale 28 so as
remove or peel sections therefrom as opposed to cutting
through the bale. Accordingly, paddles 38, 42 need not have
a sharp edge. Instead, as shown in FIG. 20, the edges may
be blunt.

Horizontal Positioning of the Bale

One of both of the upper de-aggregation member 30 and
the entrance zone 12 may be configured to maintain bale 28
generally vertically disposed in entrance zone 12 as the
paddles remove sections from bale 28. Preferably, both are
so configured. An advantage of this design is that the bottom
of bale 28 will be continually exposed to upper de-aggre-
gation member 30 as the bale is de-aggregated thereby
resulting in generally even amounts of insulation being
continuously removed from bale 28 and more uniform
processing of the removed insulation.

Preferably, bale 28 is initially engaged only by paddles 38
of upper de-aggregation member 30. Accordingly, as shown
in FIG. 8, when bale 28 is positioned in entrance zone 12,
it will pass downwardly and be engaged by paddles 38.

The paddles 38 of the upper de-aggregation member 30
are preferable configured to have an equal engagement with
bale 28 on each side of the center line of the length of the
bale 28. It will be appreciated that the desired number of
paddles 38 that fully engage a bale 28 at any one time will
be determined by the angular staggering of the paddles and
the number of paddles that are provided.

A standard bale of insulation, when decompressed, is
somewhat less than 15" wide by 30" long. However, it is
noted that bales of other dimensions may be made. For a
typical bale, it is preferred that the paddles 38 of the upper
de-aggregation member 30 be from 0.75" to 3" wide, and
preferably from 1.25" to 2" wide. Accordingly, it is preferred
that at most, 2 paddles are fully engaged in the bale at any
one time (i.e., they extend vertically upwardly). However, if
the length of the bale varies, then the number of paddles may
be linearly adjusted. Accordingly, it is preferred, for
example, that up to 20% of the paddles 38 fully engage the
bale at any one time.

As exemplified in FIG. 18, paddles 38 may have an outer
radial extent 50. The outer radial extent of adjacent paddles
38 may be spaced apart a distance D that is from 8 to 30,
more preferable 12 to 20, and most preferably, about 20% of
the width W of bale 28.

For example, as exemplified, upper shaft 36 has a center
44 (see FIG. 9). In a preferred embodiment, paddles 38 are
positioned so as to engage only a portion of bale 28 and, in
addition, such that only some of paddles 38 engage bale 28
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at any particular time. Accordingly, paddles 38 may be
angularly staggered around shaft 36 such that only a single
paddle 38 on each side of center 44 of shaft 36, or a single
paddle 38 that traverses center 44 as shaft 36 rotates, extends
vertically upwardly at any one time. Accordingly, the
paddles 38 which are adjacent to the paddle 38 that extends
vertically may engage bale 28 and may be partially embed-
ded therein so as to support bale 28 when the rotor position
there between extends vertically. It will be appreciated that,
if thinner paddles are used, then 3 or 4 paddles may fully
engage the bale at any one time.

In a preferred embodiment, the upper de-aggregation
member may have an odd number of paddles 38 and the
lower de-aggregation member may have an even number of
paddles 38. Accordingly, each paddle of an upper de-
aggregation member may be interleaved (e.g. pass between)
the paddles of the lower de-aggregation member. The upper
de-aggregation member may comprise from 5 to 9 paddles
38 and the lower de-aggregation member may comprise
from 6-10 paddles 38.

Preferably, the lower de-aggregation member 32 is inter-
leaved only with the upper de-aggregation member 30. More
preferably, only two de-aggregation members 30, 32 are
provided.

Configuration of the De-Aggregation Members

All of the paddles 38, 42 or blade portions 90 of the upper
and/or lower de-aggregation members may all face in the
same direction as exemplified in FIGS. 14-16. As shown
therein, the leading face 46 of each blade portions 90 all face
towards one end of machine 10 (e.g. end wall 24). In an
alternate embodiment, as exemplified in FIGS. 18a and 185,
the paddles may face alternating directions. For example,
leading face 46 of some blade portions 90 may face towards
end wall 24 and the leading edge 46 of other blade portions
90 may face towards end wall 26. More preferably, facing
direction of the leading edge of 46 of blade portions 90 are
alternated along the shaft.

An advantage of having the leading faces 46 face in
different directions is that the blade portions 90 will provide
a different longitudinal movement (i.e. in the direction of the
longitudinal axis 48 of shaft 36). Accordingly, for example,
some paddles will direct insulation towards end wall 24 and
other paddles will direct insulation towards end wall 26.
Accordingly, the alternating staggering of the direction of
leading face 46 will cause insulation to pass longitudinally
in alternate directions as the insulation passes downwardly
through the de-aggregation chamber 14. This alternating
motion will provide some sub-circulation of insulation in the
de-aggregation zone 13 and assist in improving the unifor-
mity of the density of the de-aggregated insulation. Further,
it will assist in maintaining a more even distribution of
insulation along the length of shafts 36, 40.

Alternately, or in addition, all of the blade portions 90 on
a shaft 36, 40 may be the same length or have alternating
lengths. Preferably, as exemplified in FIGS. 18a and 185,
blade portions 90 of upper de-aggregation member 30 have
differing lengths. More preferably, shorter and longer blade
portions 90 alternate. Accordingly, for example, all of the
shorter blade portions 90 may have a leading face 46 which
faces in one direction and all of the longer blade portions 90
may have a leading face 46 which faces in the alternate
direction. If the blade portions of one of the de-aggregation
members vary in length then, preferably, the shorter blade
portions 90 have a length that is from 60-90%, and prefer-
ably about 80%, the length of the longer blade portions 90.

Some embodiments, paddles 38, 42 may be evenly angu-
larly staggered around shaft 36, 40. In other embodiments,
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the paddles may be angularly staggered around the shaft but
at irregular positions. A particularly preferred configuration
for the upper de-aggregation member 30 is set out in the
following table.

Blade Length of blade
portion portion Angular position End wall
1 10" 0° 24
2 8" -65° cow 26
3 10" +39° ow 24
4 8" -65° cow 26
5 10" +77° ow 24
6 8" -154° cow 26
7 10" +116° ew 24

cw = clockwise
cew = counter clockwise
angle of offset + or —15°

Preferably, blade portions 90 of lower de-aggregation
member 32 are 8" long and are staggered 90° sequentially
along the shaft.

Using this preferred embodiment, the primary function of
the longer blade portions 90 (i.e. the 10" paddles) is to peel
or remove insulation from bale 28. The secondary function
of the longer blade portions 90 is to condition material in the
area in which the paddles are interleaved with the paddles of
the lower de-aggregation member. In other words, the insu-
lation in the interleaved area is de-aggregated or pulled apart
by the counter rotation of the blade portions 90 of the upper
and lower de-aggregation members. In contrast, the primary
function or the shorter (e.g. 8") blade portions 90 of the
upper de-aggregation member 30 is to condition insulation
in the interleaved area and the secondary function of these
blade portions 90 may be to remove insulation from bale 28.

As shown in FIG. 9, the edges of adjacent interleaved
blade portions 90 of paddles 38, 42 of the upper and lower
de-aggregation members are spaced apart by a distance d.
The distance may be uniform or may vary between different
adjacent paddles 38, 42. The distance may vary from 0.05"
to 1", more preferably from 0.1" to 0.5" and, most preferably
from 0.15" to 0.25". This distance, which may be used
optionally with the coating layer applied to the leading edge
of the blade portions 90 of paddles 38, 42 assists in de-
aggregating the fibers.

It will be appreciated that the blade portions 90 of upper
and lower paddles 38, 42 need not be completely interleaved
and are preferably not completely interleaved. Further, if the
blade portions 90 of the upper paddles have differing
lengths, and the blade portions 90 of the paddles of the lower
de-aggregation member have a length approximate the
length of the shorter blade portions 90 of the paddles of the
upper de-aggregation member, then the longer blade por-
tions 90 of the paddles 38 cannot be fully interleaved.
Preferably, the blade portions 90 of the paddles are inter-
leaved from 20-60% the length of the blade portions 90,
more preferably from 20-50% and, most preferably from
30-40%.

In addition, if blade portions 90 of paddles 38 of the upper
de-aggregation member 38 differ in length, then the longer
blade portions 90 of paddles preferably have an overlap with
the blade portions 90 of paddles 42 of the lower de-
aggregation member that is from 30-50% and, more pref-
erably, about 40% of the length of the blade portions 90 of
the paddles of the lower de-aggregation member. Similarly,
the shorter blade portions 90 of the paddles 38 of the upper
de-aggregation member preferably have an overlap with
blade portions 90 of the paddles 42 of the lower de-
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aggregation member that is from 20-40% and, more pref-
erably, about 30% of the length of the blade portions 90 of
the paddles 42 of the lower de-aggregation member. Accord-
ingly, it will be appreciated that while the blade portions 90
of the paddles 38, 42 are preferably interleaved, and are
preferably relatively closely spaced together, that only about
half or a third of the length of the blade portions 90 of the
paddles may in fact be interleaved and preferably the longer
blade portions of the upper de-aggregation member 38
overlap the blade portions of the lower de-aggregation
member by a greater percentage or a greater absolute length
of overlap then the shorter blade portions of the upper
de-aggregation member 38 overlap the blade portions of the
lower de-aggregation member. The zone where the blade
portions 90 of the paddles are interleaved is the area in
which the paddles co-operate to de-aggregate and stretch the
fibers.

Rate of Rotation

It will be appreciated that the upper de-aggregation mem-
ber 30 may rotate at a different rate than the lower de-
aggregation member 32 and that both may rotate optionally
at a different rate to rotary valve 34. For example, the upper
de-aggregation member may rotate a slower rate than the
lower de-aggregation member. For example, upper de-ag-
gregation member may rotate at a rate that is 20-50% and
preferably 30-40%, slower than the rate of rotation of lower
de-aggregation member 32. Rotary valve 34 may rotate at a
rate that is from 50-140%, more preferably 65-115%, and
most preferably from 65-85% of the rate of rotation of the
upper de-aggregation member 30.

For example, motor 52 may rotate at a speed from
400-700, preferably from 600-500, and most preferably
525-575 rpm. Lower de-aggregation member 32 may be
driven by motor 52 (e.g. a drive chain 214 may be utilized
to drivingly connect motor 52 and lower de-aggregation
member 32). The drive mechanism may utilize a speed
reduction of; e.g., 14:40. The lower de-aggregation member
may be drivingly connected to upper de-aggregation mem-
ber 30 by a drive chain 220. This second drive mechanism
may utilize a gear reduction of, e.g. 14:40. The rotary valve
may be driven by upper de-aggregation member 30. Accord-
ingly, a further drive chain 228 may be utilized to drivingly
connect upper de-aggregation member 30 and rotary valve
34. The gearing which is utilized may vary from 10:40-28-
14, preferably 12:14-22:14, and most preferably 18:14.
Accordingly, it will be appreciated that the lower de-aggre-
gation member may rotate, e.g., at about 190 rpm and the
upper de-aggregation member may rotate, e.g., at about 65
rpm. Accordingly, the upper de-aggregation member may in
fact operate at a relatively low rpm (e.g. 85-50 rpm).
Guide Members

In accordance with another embodiment, upper guide
member 54 and/or lower guide member 56 may be provided
to assist in creating additional circulation of insulation in the
de-aggregation chamber 14 to enhance the de-aggregation of
the insulation. This feature may be used together with the
staggering the leading edge of paddles 38 to face in opposite
directions, or without that feature. Staggering the leading
face 46 of paddles 38 provides a sub-circulation of insula-
tion within de-aggregation chamber 14 that is longitudinal
(i.e. in the direction of axis 48 of shaft 36). In contrast, the
guide members are positioned on one or both of opposed
side walls 20, 22 so as to create additional recirculation of
insulation in de-aggregation chamber 14. Accordingly, dif-
ferent methods may be used to create a sub-circulation of
insulation. Sub-circulation is used to refer to a secondary



US 9,457,355 B2

13

circulation of insulation other than the primary circulation of
insulation downwardly through machine 10.

Referring to FIGS. 10-12, upper and lower guide mem-
bers 54, 56 are shown. Upper guide member 54 has an upper
surface that extends inwardly and downwardly to a maxi-
mum inward position. The upper guide member 54 may
have an upper surface 58 that is accordingly angled down-
wardly from one of the side walls 20, 22 to a position that
is above the top of paddles 38 of upper de-aggregation
member 30. The upper guide member 54 preferably extends
inwardly an amount so as to engage a portion of a typical
bale 28 which has been placed in entrance zone 12. It will
be appreciated that, when removed from its packaging, bale
28 will expand. Typically bales of insulation are packaged so
as to expand slightly in the length and width direction and
to expand primarily in the height or vertical direction. For
example, the length and width of a bale may expand by
about 10% when released from the packaging. However, the
height of the bale may expand by 200%. The maximum
inward position of upper guide member 54 is preferably
selected so that it will engage at least a portion of a typical
bale 28.

Guide member 54 may have a lower surface 60 which is
configured to inhibit insulation engaged by the upper de-
aggregation member 30 from passing upwardly into
entrance zone 12. Accordingly, for example, lower surface
60 may be solid and may be angled upwardly. Accordingly,
as exemplified in FIG. 10, if upper de-aggregation member
rotates counterclockwise as indicated by arrow A, insulation
will be directed away from sidewall 22 towards sidewall 20.
An advantage of this design is that partially de-aggregated
insulation will not be fed upwardly into entrance zone 12. If
insulation is fed upwardly into entrance zone 12, then this
insulation, together with bale 28, may result in insulation
bridging between sidewall 22 and bale 28 thereby inhibiting
the downward movement of bale 28 under gravity.

Lower guide member 56 is provided with a lower surface
60 which is configured to direct insulation away from
sidewall 22 towards the interior of de-aggregation chamber
14. As exemplified, lower surface 64 is angled upwardly and
has a maximum inward extent 66 which is at a height of
about the top of paddle 42 when extending vertically
upwardly as exemplified. Accordingly, as exemplified in
FIG. 10, if lower de-aggregation member 32 rotates clock-
wise as indicated by arrow B, insulation will be directed
away from sidewall 20 towards sidewall 22. Optionally,
lower guide member 56 may have an upper surface 62 which
is provided to cover the top of lower guide member 56 to
prevent the build-up or bridging of material in the de-
aggregation chamber 14. In addition, upper surface 62 may
assist in guiding insulation inwardly towards the de-aggre-
gation members.

Accordingly, as can be seen, it is preferred that de-
aggregation member 30 rotates to direct insulation away
from upper guide member 54 (e.g. in the countercurrent
direction as indicated by arrow A in FIG. 10). Alternately, or
in addition, it is preferred that the lower de-aggregation
member 32 rotates to direct insulation away from lower
guide member 56 (e.g. clockwise as shown by arrow B in
FIG. 10).

Configuration of the De-Aggregation Chamber

The entrance zone 12 is preferably configured to inhibit
rotation of bale 28 as upper de-aggregation member 30
engages bale 28. For example the horizontal cross-sectional
area of entrance zone 12 is preferably only slightly larger
than horizontal cross-sectional area of compressed bale 28.
For example, the length of the entrance zone is preferably at
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least slightly larger than the length of bale 28. Further, the
width of the entrance zone is larger than the width of bale 28
and, preferably less than 1.75 times the width of bale 28.
More preferably, the width of the entrance zone is 1:1.2 to
1:1.4 times the width of bale 28. More preferably, the
horizontal cross-sectional area of entrance zone 12 is larger
than and proximate that of a horizontal cross-sectional area
of the bale 28. Accordingly, if bale 28 is positioned with its
bottom surface horizontally disposed in machine 10, then, as
upper de-aggregation members 30 engages bale 28, bale 28
will remain essentially vertical and the lower surface will
remain essentially horizontal. Accordingly, as insulation is
removed from the bale, paddles 38 of upper de-aggregation
member 30 will be able to continue to engage the lower
surface of the bale in the same manner.

In addition, it is preferred that de-aggregation zone 13,
which contains upper and lower de-aggregation members 30
and 32, has a horizontal cross-sectional area which is
proximate the horizontal cross-sectional area of entrance
zone 12. Accordingly, as insulation passes downwardly
through de-aggregation chamber 14, the horizontal cross-
section area may remain generally constant. This will inhibit
compaction of de-aggregated insulation.

Choke

Preferably, as exemplified in FIGS. 11 and 12, the hori-
zontal cross-sectional area of de-aggregation chamber 14
decreases only adjacent inlet 68 to rotary valve 34 where a
choke is provided.

Referring to FIGS. 11-13, the lower surface 60 of de-
aggregation chamber 14 narrows below lower de-aggrega-
tion member 32 towards inlet 68. Preferably, as shown,
lower surface 70 is curved. Accordingly, as lower de-
aggregation member 32 rotates, preferably in the clockwise
direction as indicated by Arrow B, insulation will travel
downwardly and inwardly through flow path 70 towards
inlet 68. Preferably, one and, more preferably, each side of
inlet 68 is provided with a choke 72. Choke 72 may be a
fixed choke and exemplified or may be a variable choke.
Choke 72 is configured such that some of the insulation
which travels towards inlet 68 is re-circulated with paddles
42 and travels clockwise past inlet 68 and upwardly towards
lower guide member 56. An advantage of choke 72 is that
some of the insulation which reaches inlet 68 will be
re-circulated within de-aggregation zone 13 and will be
subjected to additional de-aggregation by upper and lower
de-aggregation members 30 and 32.

Inlet to the Rotary Valve

As shown in FIG. 13, lower surfaces 70 and choke 72
preferably extend longitudinally the entire length of sides 20
and 22 of the de-aggregation chamber 14. See also FIGS.
6-9. Accordingly, inlet 68 preferably extends the entire
length of de-aggregation chamber 14 and preferably extends
at least the length L. of bale 28. Accordingly, all of rotary
valve 34 has an open upper end which is positioned to
receive insulation which falls downwardly from lower de-
aggregation member 32. In addition, as exemplified in FIG.
10, it is preferred that inlet 68 is directly below lower
de-aggregation member 32 and, more preferably, directly
below shaft 40 of lower de-aggregation member 32. An
advantage of this design is that the de-aggregated insulation
does not have to be directed towards one particular end 24,
26 so as to enter the rotary valve. Accordingly, the amount
of material for unit area of inlet 68 that enters the rotary
valve 34 may be minimized thereby enhancing the ability of
air traveling longitudinally through rotary valve 34 to sepa-
rate and transport the de-aggregated insulation.

Feeder
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Referring to FIGS. 1, 3, and 5, an exemplary feeder 18. As
exemplified, feeder 18 comprises a feeding shelf 76 on
which bale 28 of insulation may be situated as it is slid into
entrance zone 12. When opened, as shown in FIG. 3, an inlet
84 to entrance zone 12 is exposed. Inlet 84 is preferably
sized so as to allow bale 28 to be slid into entrance zone 12
when bale 28 has expanded after being removed from its
packaging. Accordingly, the entrance zone preferably has a
height that is at least the same as the height of a decom-
pressed bale. Similarly, inlet 84 has a width that is preferably
at least the same as the width of a decompressed bale and
may be essentially the same as the width of bale 28. Entrance
zone 12 preferably has a length that is at least as long as the
length of bale 28. Accordingly, when feeder shelf 76 is
moved to the open position, bale 28 may be slid into
entrance zone 12.

As exemplified in FIG. 8, the bottom of inlet 84 is
preferably higher than the top of paddles 38 of upper
de-aggregation member 30 and may be positioned somewhat
there above. Accordingly, bale 28 may be slid along feeding
shelf 76 and may then drop on top of paddles 38. Due to the
sizing of entrance zone 12 as discussed herein, bale 28 may
remain essentially in the upright position as it is moved into
entrance zone 12 and may be oriented when in entrance zone
12 such that the bottom of bale 28 will extend more or less
horizontally once positioned in entrance zone 12.

Feeder 18 is preferably presided with sidewalls 78. Side-
walls 78 are preferably sized so as to prevent a person from
being able to extend their hand into entrance zone 12 and to
contact paddles 38.

Preferably, sidewalls 78 extend inside entrance zone 12
when feeder 18 is in the closed position as exemplified in
FIG. 1.

Feeder 18 may be openable by any means known in the
art, e.g., it may be slidably mounted. Preferably it is rotat-
ably openable, such as by being pivotally mounted to
machine 10 via pivots 80.

As exemplified, one or both sidewalls 78 may be provided
with one or more guide tracks 82 which may receive a
protrusion or the like provided on the inner surface of e.g.,
sidewalls 20, 22 so as to guide feeder 76 as it is moved into
the closed position or as it is moved into the open position.

A handle may be provided on feeder 18 to assist in
opening and closing feeder 18. As exemplified in FIGS. 1
and 3, handle 86 may comprise a cut out in feeding shelf 76
which is sized to receive the fingers of a user’s hand.

Preferably, the feeding shelf is positionable in an open
position (e.g. rotated downwardly a sufficient extent) to
permit bale 28 to be positioned horizontally in the de-
aggregation chamber 14. Accordingly, it is preferred that
feeding shelf 76 is positionable generally horizontally. For
example, the feeding shelf may be at an angle from 80-100°
to the vertical when in the open position.

Cover Layer of Paddles

As exemplified in FIG. 20, each paddle 38, 42 is prefer-
ably provided with a cover layer 94. Cover layer 94 is
selected from a material that has good abrasion resistance
and has a high co-efficient of friction. Cover layer 94 is
preferably selected from rubber, synthetic rubber, silicone
and mixtures thereof. As exemplified, paddle 38, 42 has a
central hub 88 and a blade portion 90 extending outwardly
therefrom. The blade portions are twisted or canted so that
the leading face 92 of blade portions 90 are at an angle to the
longitudinal axis of a shaft extending through opening 96
provided in central hub 88.

An advantage of cover layer 94 is that it may provide a
greater amount of friction than blade portions 90. For
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example, typically, blade portions 90 are manufactured from
metal and accordingly, provide a relatively lower friction
surface. The cover layer provides enhanced friction and
accordingly, results in a greater amount of de-aggregation
for each rotation of paddle 38, 42.

Cover layer 94 may be mounted to paddle 38, 42 by any
means such as by bonding, welding, mechanical fixation or
the like. Most preferably, cover layer is removably mounted
to paddle 38, 42. Accordingly, a further advantage of this
design is that the cover layers may be replaced as they wear.

Cover layers 94 may be removably affixed to blades 38,
42 by any means known in the art. As exemplified, a
removable mechanical fixation member is utilized. As exem-
plified, blade portions 90 are provided with openings 98 and
cover layer 94 is provided with openings 100. When cover
layer 94 is positioned adjacent blade portion 90, openings 98
and 100 are aligned. A mechanical fixation device such as
rivet 102 may be inserted through openings 98, 100 so as to
secure cover layer 94 in position. A washer 104 or the like
may be provided to prevent rivet 102 from seating too far
inwardly into cover layer 94. It will be appreciated that other
removable mechanical fixation devices, such as nuts and
bolts and the like may be utilized.

It will be appreciated that, preferably, the portion of rivet
102, or any other affixation which is positioned on leading
edge 46 is preferably recessed into cover layer 94.

Cover layer 94 preferably has a sufficient thickness to
avoid frequent replacement of the cover layer. The cover
layer may have a thickness of from 0.1-1" and preferably, it
is about 0.25".

As exemplified, cover layer 94 is provided so as to overlie
all of blade portion 90 of paddle 38, 42. In a preferred
embodiment, the machine 10 comprises upper and lower
de-aggregation members 30 and 32 which are interleaved. If
the paddles are so interleaved, then it is preferred that the
cover layer extend radially along each paddle 38, 42 for a
distance at least equal to the length of the portion of the
paddles which are interleaved. Accordingly, at least the
portions of the paddles 38, 42 which are interleaved are
provided with the cover layer. More preferably, the cover
layer extends radially along each paddle for a distance at
least equal to 120% of the distance that the paddles are
interleaved.

Mounting of the Paddles on a Shaft

Paddles 38, 42 may be mounted on shafts 36, 40 by any
means known in the art. Preferably, paddles 38, 42 are
provided with a radial inner engagement surface 108. Shafts
36, 40 are also preferably provided with a seating surface
110 (see for example FIG. 19). As exemplified therein, radial
inner engagement surfaces define the perimeter of opening
96 in central hub 88 of paddle 38, 42. The radial inner
engagement surface and seating surface 108, 110 are
complementary and, accordingly, when paddle 38, 42 is slid
onto shaft 36, 40, paddle 38, 42 must be at a particular
orientation so that surfaces 108, 110 are aligned. Preferably,
the perimeter of opening 96 of central hub 88 is slightly
larger than the perimeter of shaft 36, 40. Accordingly, when
paddle 38, 42 is positioned on shaft 36, 40, the contact
between seating surfaces 108, 110 will prevent rotation of
paddle 38, 42 around shaft 36, 40.

An advantage of this design is that paddle 38, 42 is
mounted on shaft 36, 40 at one of the preset angular
orientations. As exemplified, the shaft 36, 40 has four
seating surfaces 110. In the preferred embodiment, lower
de-aggregation member 32 comprises paddles which are
oriented 90° apart. Referring to FIG. 19, it will be appreci-
ated that the seating surfaces 110 are configured such that
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seating surfaces 110a are at 90° to seating surfaces 1105.
Accordingly, the paddles will be positioned in the preset
orientation once slid onto shaft 38, 42. The paddles may be
mounted on the shaft by, e.g., mounting a first paddle with
radial inner engagement surfaces 1085 positioned on seating
surfaces 1105. The next paddle may be mounted with radial
inner engagement surfaces 1085 mounted on seating sur-
faces 110a. Accordingly, the second paddle will be auto-
matically positioned at an angular orientation that is 90° to
the first paddle. Accordingly, an advantage of this design is
that the paddles may be mounted at a pre-fixed orientation
so as to reduce manufacturing error. In addition, pins, set
screws, or the like are not required for positioning the
paddles at a set angular orientation, and, therefore, no
member is needed to pierce shaft 36, 40, thereby preventing
the structural integrity of the shaft from being compromised.

Preferably, spacers 112 are provided between adjacent
paddles 38, 42. Preferably the spacers 112, like paddles 38,
42, are slidably mounted onto shaft 36, 40. The spacers may
have a circular interior profile and need not have a profile
that matches the perimeter of shaft 36, 40. Accordingly,
spacers 112 may rotate about shaft 36, 40.

Spacers 112 preferably have a length such that, when
mounted between adjacent paddles 38, 42 on shaft 36, 40.
Paddles 38, 42 are positioned a preset distance apart. As
exemplified in FIG. 17, the spacers may have varying
lengths. As exemplified therein, the end spacer 1126 is about
half the length of the remaining spacer 112a.

Spacers 112 may be secured to shaft 36, 40 by any means
known in the art. For example, they may be mounted thereto
by a set screw. More preferably, a member is affixed to the
ends of the shaft when the spacers and paddles have been
placed thereon to prevent the spacers and paddles from
sliding off of the shaft. The member preferably applies
compressive force to the spacers and the paddles. For
example, the end of shaft 36, 40 may be threaded and one
and, preferably, two locking nuts 114 may be threadedly
mounted on the end of shaft 36, 40. When locking nuts 114
are tightened on shaft 36, 40, then spacers 112 are pushed
into engagement with paddles 38, 40. Spacers 112, in
combination with locking nuts 114 or other fixation mem-
bers, therefore secure paddles 38, 42 at pre-determined
spacings along shaft 36, 42.

In an alternate embodiment, it will be appreciated that
spacers 112 may be used without the co-operating engage-
ment and seating surfaces 108,110.

Outlet Converter

As exemplified in FIGS. 6 and 7, rotary valve has an inlet
end 116 having an air inlet 118 (see FIG. 10) and a blown
insulation outlet 122 provided at outlet end 124 of rotary
valve 34. A blower 120 is preferably provided at inlet end
116 and is preferably provided as part of machine 10.
Accordingly, a linear air flow path may be defined between
the outlet of blower 120 and blown insulation outlet 122.

Preferably, a delivery conduit, such as a flexible conduit
or hose 128 is mounted and, preferably, removably mounted
to outlet end 124 of rotary valve 34. For example, a
releaseable coupling member 126 may be utilized. Release-
able coupling member 126 may be mountable, e.g. on outlet
converted 130 (see FIGS. 21 and 22). Releaseable coupling
member 126 may be releasably mounted to outlet converter
130 by any means known in the art as such as by a rotational
coupling (e.g. a screw thread or a bayonet mount), or by
pins, screws, or the like.

Typically, the outlet converter has an inlet end 132 having
a cross-sectional area and an outlet end 134 having a
cross-sectional area that differs to the inlet and, is preferably

10

15

20

25

30

40

45

50

55

60

65

18

less than the cross-sectional area of inlet end 132 (See FIG.
24). Accordingly, as the blown insulation travels through
outlet converter 130, the rate of flow increases due to the
throttling effect produced by the narrowing of the passage
through outlet converter 130.

Preferably, as exemplified, inner surface 136 of outlet
converter 130 has an absence of discontinuities. Disconti-
nuities can disrupt the air flow passing through outlet
converter 130 and can provide locations at which the insu-
lation may bridge and accordingly clog part or all of the
passage through outlet converter 130. Accordingly, inner
surface 136 may consist of sections which are curved and
sections which are straight. As exemplified in FIG. 24, outlet
converter has an upstream section 138 wherein the inner
surface is curved inwardly and a downstream section 140
wherein the inner surface is generally straight (e.g. it may
define a passage having parallel walls). Optionally, it will be
appreciated that inner surface 136 may be continuously
curved and may be flared, e.g., inwardly from inlet end 132
to or towards outlet end 134.

Rotary Valve

In another embodiment, rotary valve comprises a shaft
142 rotatably mounted in machine 10 having a plurality of
vanes 146 radiating out therefrom. Shaft and vanes 142, 146
rotate inside a housing having a curved wall 144 (see for
example FIGS. 11 and 12).

Referring to FIGS. 25-28, a preferred design of rotary
valve 34 is exemplified. As shown therein, vanes 146
comprise a rigid backbone 148 and a flexible material 150
provided thereon. The rigid backbone may be made of
various materials and is preferably made of metal. The
flexible material may be any flexible material utilized in a
rotary valve vane and is preferably a natural or synthetic
rubber. An advantage of this design is that the rigid back-
bone prevents vane 146 twisting along its length as it rotates
in the housing. The vanes 146 of rotary valve 144 preferably
have a Length which is at least as long as the length of a bale
28. Accordingly, vanes 146 may be relatively long. Due to
this length, if vanes 146 comprise only a flexible material,
one end 152 of vane 146 may be angularly offset with
respect to opposed longitudinal and 154 of vane 146 as
rotary vane rotates. The provision of the rigid backbone 148
provides dimensional stability of vane 146 along its length
thereby inhibiting and, preferably, preventing twisting of
vane 146.

As shown in FIG. 13, rotary valve is mounted to end
plates 156, 158 which are at opposed longitudinal ends of
shaft 142. Wall 144 may also be mounted to plates 156, 158.
In order to reduce the friction between rotary valve and end
plates 156, 158, the inner surface of end plates 156, 158 may
be anodized. However, as vanes 146 may be dimensionally
stable in the longitudinal direction due to backbone 148, it
is not necessary to anodize the interior surface of wall 144,
although the interior surface of wall 144 may optionally be
anodized.

As exemplified in FIGS. 25-28, rigid backbone preferably
comprises a mounting end 160 and a vane portion 162
extending radially outwardly from mounting end 160.
Mounting end 160 is preferably removably mounted and,
more preferably slidably removably mounted, to shaft 142.
For example, mounting end 160 may have a T-shaped end
portion 164 which may be slideable receivable in a mating
groove 166 provided on shaft 142. Accordingly, vanes may
be removeably mounted and, preferably, slideably mounted
on shaft 142. It will be appreciated that vanes 146 may be
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mounted to shaft 142 by other means such as by welding,
bonding, and mechanical fixation member such as a screw or
the like.

As exemplified, flexible material 150 has a slot 168 for the
sliding receipt therein of vane portion 162. Accordingly,
flexible material 150 covers both sides of vane portion 162
and has a radial outer portion 170 which does not have vane
portion 162 therein, and is accordingly more flexible. It will
be appreciated that flexible material 150 may be mounted to
rigid backbone 148 by other means such as mechanical
fixation members (e.g. rivets, screws) an adhesive, or by
utilizing a barbed surface on vane 162. It will further be
appreciated that vane portion 162 need not be a continuous
member but may comprise a plurality of discrete members.
Exoskeleton

In accordance with another preferred embodiment,
machine 10 utilizes an exoskeleton to dimensionally stabi-
lize the structure. An advantage of this design is that the
interior of the machine may not include frame members to
provide structural integrity to the machine. Interior frame
members would require either a further inner wall to provide
a smooth interior surface of de-aggregation chamber 14
(which would add to the weight of the machine and the
complexity of the manufacturing of the machine) or would
provide locations where fiber could bridge thereby jamming
or partially interrupting flow of insulation through machine
10.

As exemplified in FIGS. 1-4 and 13, machine 10 has an
entrance zone 12 which has opposed side walls 20 and 22
and end walls 24, 26. Below this, de-aggregation zone 13
and discharge zone 16 are provided. De-aggregation zone
and discharge zone are positioned between opposed end
plates 156 and 158. Side walls 172 of de-aggregation zone
13 extend between opposed end walls 156, 158. In addition,
as exemplified in FIG. 13, the rotary valve chamber is
defined at its lower end by curved wall 144. Side walls 172
may be secured to end plates 156, 158 by, e.g. screws, rivets,
welding, or the like. As exemplified in FIG. 1, a plurality of
screws 174 are utilized. An advantage of screws is that part
or all of the de-aggregation zone 13 and the discharge zone
16 may be disassembled to services parts, such as to replace
cover layers 94, vanes 146, flexible material 150 or other
parts that may wear. Curved wall 144 may be releasably
secured to sidewalls 172 and/or end walls 156,158. Once
again, curved wall may be permanently secured in place
such as by welding or an adhesive, or may be releasably
secured in position, such as by screws 174, rivets or the like.

As exemplified, entrance zone 12 is removable mounted
to the portion of the machine defining de-aggregation zone
13 and discharge zone 16. For example, entrance zone 12
may be a complete assembly which is removeably mounted
to the rest of the machine by, e.g., pivoting or luggage locks.
The luggage lock has a longitudinally extending portion
pivotally mounted, e.g., at one end, and rotatable to a closed
position in which the end distal to the pivot end is secured
in position. Alternate releasable securing means may be
used, such as screws, wing nuts or the like. Alternately,
entrance zone 12 may be permanently secured into position
such as by an adhesive, welding, or by forming walls thereof
as part of the walls of, e.g., de-aggregation zone 13. Pref-
erably, entrance zone is removeably mounted so as to
facilitate the transport of machine 10. Some or all of the
walls of entrance zone 12 may be made of plastic. In
particular, it will be appreciated that entrance zone 12 may
be made from two molded plastic members which are joined
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along the centerline 178 which is indicated in FIG. 1.
Optionally, a window 180 may be provided in one or both
of sidewalls 20, 22.

End plates 156, 158 are preferably load bearing members
and, more preferably the only load bearing members other
than the exoskeleton. Accordingly, these plates are prefer-
ably made of metal and provide mounting points for the
various operating components of machine 10. For example,
upper and lower de-aggregation members 30, 32 may be
mounted to end plates 156, 158. Similarly, a rotary valve 34
may also be mounted thereto. In addition, motor 52 as well
as blower 120 may also be mounted thereto. In order to
protect the operating components, bearings, gearing and the
like that may be utilized, outer protective covers 182, 184
may be provided. It will be appreciated that outer covers
182, 184 may be made of plastic. Similarly, side walls 172
and curved wall 144 may also be made of plastic. However,
metal may also be used if desired.

In order to dimensionally stabilize end walls 156, 158 to
which the operating components are preferably attached, an
exoskeleton is provided. Preferably, the exoskeleton com-
prises an upper frame member 186 and a lower frame
member 188. The frame members may be directly or indi-
rectly and, preferably, directly attached to end walls 156,
158. Accordingly, it will be appreciated that upper frame
member 186 may secure the upper portion of end plates of
156, 158 in a fixed position. Similarly, lower frame member
188 may secure the lower end of end plates 156, 158 in
position. Accordingly, when assembled, the end plates 156,
158 in combination with frame numbers 186, 188 provide a
dynamically stable structure for housing de-aggregation
zone 13 and discharge zone 16. It will be appreciated that
each of frame members 186, 188 extend between end plates
156, 158 and need not extend across either or both of end
plates 156, 158. However, as exemplified, it is preferred that
upper frame member 186 includes both side members 190 as
well as a cross member which is positioned outwardly from
one of the end walls e.g. end wall 156 so as to define a
handle 192.

Handle 192 may beneficially be used to transport machine
10, especially if machine 10 provided with wheels 194. In
addition, if handle 192 extends forwards efficiently, it may
act as a bumper to protect the machine in case it falls over
as well as to protect, e.g. blower air inlet 196 from impact.

As exemplified, upper frame member 186 extends directly
outwardly from its attachment point to end walls 156, 158.
However, upper frame member 186 may be positioned
above or below the upper end of end plates 156, 158 such as
by using vertically extending extension members. For
example, lower frame member 188 is positioned below the
bottom of end plates 156, 158 and is attached thereto by
vertically extending members. However, it will be appreci-
ated that lower frame member 188 may be attached by
horizontally extending struts directly to the lower end of
plates 156, 158 in a similar manner that upper frame member
186 is attached.

Preferably, as exemplified, lower frame member 188
comprises side members 198 which are dimensionally sta-
bilized by one or more cross struts 200. As exemplified, a
plurality of cross struts 200 is provided. One of the cross
struts may be provided at or adjacent the front end of
machine 10 (e.g. the end width feeder 18) and may extend
forward as sufficient amount to define bumper 202. As
exemplified, for example in FIG. 8, bumper 202 may be
positioned sufficiently forward so as to protect blower air
inlet 196 or any other member that extends outwardly from
machine 10.
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One of the cross members may also function, e.g. as axle
204 for rear wheels 194.

Lower frame member 188 is secured to end walls 156,
158 by a plurality of vertically extending struts 206. As
exemplified, for example, struts 206 extend upwardly from
each side of the front and rear of side members 198. In
addition, some or all of struts 206 may comprise shock
absorbers 208. As exemplified, the front struts 206 comprise
shock absorbers 208, which are pivotally mounted to both
frame 198 and end wall 156.

Optionally, as exemplified, rear shock absorbers 210 may
be provided in addition to or in lieu of front shock absorbers
208. Rear shock absorbers 210 may extend vertically as with
front shock absorbers 208. Alternately, as exemplified, may
extend upwardly at an angle. For example, rear struts 208
may be positioned adjacent wheels 194 and may be of a
fixed length. Rear shock absorbers 210 extend at an angle
upwardly from frame 198 (e.g., axle 204), to end plate 158.
Preferably, a shock absorber 210 is pivotally mounted at
each end to frame 198 and end plate 158.

An advantage of this design is that the shock absorbers, as
opposed to the frame or the end plates 156, 158, will absorb
dynamic stresses applied to machine 10 such as by the
machine being dropped on the ground when delivered to a
location or when a bale is dropped onto feeder shelf 76.

A further advantage of this design is that the lower frame
member (namely side members 198 and cross struts 200)
may define a skid plate for a machine as well as a mounting
site for rear wheels 194.

Drive Mechanism

In accordance with another embodiment, the de-aggrega-
tion members 30, 32 and the rotary valve 34 may be driven
by a single motor 52. The drive members driving the
connecting these rotary members to motor 52 are preferably
not all provided on the same end of machine 10. For
example, as exemplified in FIGS. 29-32, the upper and lower
de-aggregation members 30, 32 are drivingly connected to
motor 52 on one end and the rotary valve is driven in the
opposed end.

Accordingly, motor 52 may be mounted to end plate 156.
Motor 52 is provided with a drive sprocket 212 provided on
the output shaft. Lower de-aggregation member 32 is pro-
vided with a drive sprocket 216. Motor 52 is drivingly
connected to lower de-aggregation member by first gear
chain 214. In addition, lower de-aggregation member 32 is
provided with a transfer sprocket 218 which is mounted
adjacent drive sprocket 216 (e.g., adjacent each other on the
end of shaft 40). Upper de-aggregation member 30 is
provided with a drive sprocket 212. Second gear chain 220
is used to drivingly connect transverse sprocket 218 to a
drive sprocket 222 of upper de-aggregation member 30. The
opposed end of upper de-aggregation member 30 is provided
with a second transfer sprocket 224. The same end of rotary
valve 34 is provided with a drive sprocket 226. Accordingly,
upper de-aggregation member 30 is drivingly connected to
rotary valve 34 via third gear chain 228. Accordingly, it will
be appreciated that two of the drive members are located on
one end (e.g. torque produced by the drive chains 214, 220
is absorbed by end plate 156). Similarly, the torque produced
by the third drive member gear chain 228 is absorbed by the
opposed end plate 158. Accordingly, the torque produced by
the drive members is provided on each end plate and not on
a single end plate. An advantage of this design is that the
torque produced by the use of a single motor is applied on
either end of the machine and distributes the load more
evenly.
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It will be appreciated that, in other embodiments, other
drive means, other than a drive chain, may be utilized, such
as intermeshing gears, worm gears, or other means known in
the art. In addition, it will be appreciated that either of the
de-aggregation members and the rotary valve may be
directly driven by motor 52 and the other two elements may
be indirectly driven as exemplified herein. Accordingly, it
will be appreciated that motor 52 may alternately be pro-
vided on end plate 158.

It will be appreciated that various modifications and
additions may be made to any one or more of the embodi-
ments and each of those are included within the scope of this
disclosure. It will further be appreciated that any of the
features disclosed herein may be used singularly or in
combination with any one or more other embodiments
disclosed herein.

The invention claimed is:

1. A machine for de-aggregating a bale of insulation and
blowing de-aggregated insulation, the bale of insulation
having a front, a rear, a first side, a second side, a first length
extending in a forward/rearward direction, the machine
having a height and a transversely extending length and
comprising

a de-aggregation chamber having an inlet end positioned
above an outlet end, the de-aggregation chamber hav-
ing first and second opposed end walls and a height, a
length and a width and comprising a single upper
de-aggregation member and a single lower de-aggre-
gation member, each de-aggregation member compris-
ing a longitudinally extending rotary mounted shaft
having a drive end provided on the first side of the
machine and an opposed end on the second side of the
machine, a length and a plurality of paddles angularly
staggered around the shaft and extending along the
length of the shaft, the paddles of the upper de-
aggregation member comprising first and second
paddles having differing lengths and both the first and
second paddles are interleaved with the paddles of the
lower de-aggregation member whereby the first and
second paddles pass between the paddles of the lower
de-aggregation member;

a feeder communicating with the inlet end of the de-
aggregation chamber;

a discharge zone comprising a longitudinally extending
rotary valve having a drive end provided on the second
side of the machine and an opposed end, an upper
insulation inlet and an outlet, the upper inlet positioned
below the lower de-aggregation member whereby insu-
lation travels downwardly from the de-aggregation
member into the rotary valve; and,

a motor

wherein the motor is drivingly connected to the drive end
of the shaft of one of the upper and lower de-aggrega-
tion members, the drive end of the shaft of one of the
upper and lower de-aggregation members is drivenly
connected to the drive end of the shaft of the other of
the upper and lower de-aggregation members and the
opposed end of the shaft of the other of the upper and
lower de-aggregation members is drivingly connected
to the drive end of the rotary valve whereby torque
produced by the motor is applied on each of the first
and second sides of the machine and is distributed more
evenly.

2. The machine of claim 1 wherein each first paddle
comprises a first blade portion and each second paddle
comprises a second blade portion and the first blade portions
have a longer length than the second blade portions and the
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first blade portions of the paddles of the upper de-aggrega-
tion member have an overlap with the first blade portions of
the paddles of the lower de-aggregation member that is from
30-50% of a length of the first blade portions of the paddles
of the lower de-aggregation member-and the second blade
portions of the paddles of the upper de-aggregation member
have an overlap with the second blade portions of the
paddles of the lower de-aggregation member that is from
20-40% of the length of the second blade portions of the
paddles of the lower de-aggregation member.

3. The machine of claim 1 wherein each paddle comprises
a blade portion and the blade portions of the first paddles
have a length that is from 60-90% of the length of the blade
portions of the second paddles.

4. The machine of claim 1 wherein each paddle comprises
a blade portion and the blade portions of the first and second
paddles have a leading face and the leading face of the blade
portions of the first paddles face one of the end walls and the
leading face of the blade portions of the second paddles face
the other of the end walls.

5. The machine of claim 4 wherein the blade portions of
the first and second paddles are alternately staggered.

6. The machine of claim 1 wherein each of the upper and
lower de-aggregation members has a drive linkage and the
drive linkages are configured such that the upper de-aggre-
gation member rotates at a slower rate than the lower
de-aggregation member.

7. The machine of claim 1 further comprising a first drive
member connecting the motor to the lower de-aggregation
member on the first side of the machine, a second drive
member connecting the lower de-aggregation member to the
upper de-aggregation member on the first side of the
machine and a third drive member positioned on the second
side of the machine connecting the lower de-aggregation
member to the rotary valve.
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8. The machine of claim 1 wherein the shaft of the lower
de-aggregation member is offset in the forward/rearward
direction from the shaft of the upper de-aggregation member
and below the shaft of the upper de-aggregation member.

9. The machine of claim 1 wherein the upper de-aggre-
gation member has an odd number of paddles and the lower
de-aggregation member has an even number of paddles
wherein the paddles of the upper and lower de-aggregation
members are configured such that a paddle of the upper
de-aggregation member extends between adjacent paddles
of the lower de-aggregation member.

10. The machine of claim 1 wherein the rotary valve has
an inlet positioned directly below the lower de-aggregation
member.

11. The machine of claim 10 further comprising a choke,
wherein the choke is configured to redirect some de-aggre-
gated insulation upwardly to the lower de-aggregation mem-
ber.

12. The machine of claim 11 wherein the choke is a
variable choke.

13. The machine of claim 1 wherein the paddles com-
prising a mounting hub having a radial inner engagement
surface, the engagement and seating surface are configured
to position the paddles at fixed angular orientations on one
of the shafts.

14. The machine of claim 1 wherein the discharge zone
includes the rotary valve having a plurality of vanes, each
vane comprising a rigid backbone and a flexible material
provided thereon.

15. The machine of claim 1 wherein paddles having a
shorter length are interspersed between paddles having a
longer length.

16. the machine of claim 1 wherein the shaft of the upper
de-aggregation member is laterally offset from the shaft of
the lower de-aggregation member in the first direction.
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